SUMMARY -An attempt was made to find a correlation between specific electromyography (EMG) abnormalities with histological findings in muscle biopsies (MB) in 100 patients with neuromuscular disorders.
evaluation, as well as different techniques of investigation. Buchthal & Kamieniecka 6, and Castaigne & col.8 using histochemistry techniques were able to find some corre lation between elements of EMG and MB, but still insufficient for a wider correlation.
In this investigation we intend to correlate some specific alterations of EMG v/ith specific structural abnormalities of MB processed by fresh-frozen stains and by histochemistry, in cases with well defined pathology, using more rigid criteria.
MATERIAL. AND METHODS
The MB and EMG of 100 patients with neuromuscular disorders (25 cases of Duchenne muscular dystrophy, 14 cases of limb-girdle muscular dystrophy, 9 cases of facioscapulo humeral dystrophy, 10 cases of myotonic dystrophy, 10 cases of dermato-polymyositis, 10 cases of amyotrophic lateral sclerosis, 9 cases of infantile spinal muscular atrophy and 13 cases of peripheral neuropathies) were compared, using the criteria previously reported (35): 1. Disease with symmetrical involvement, identical in both sides of the body; 2. EMG and MB done in identical muscles (Degree 4 MCRM), but on the opposite side; 3. Exclusion of cases in which an EMG was done previously in both sides to avoid the «needle myopathy*; 4. The EMG done within a 3 week period (25);
5. The EMG should have been made with concentrical needle electrodes and should have quantitative analysis with data for insertion activity, spontaneous activity during muscle relaxation, average duration of potentials, average voltage of potentials, registration of the abnormal incidence (over 25%) of short and long polyphasic potentials, recruitment of effort and pattern of severe efforts (35); 6. The MB should have been adequate in quality and in number of muscle fibers, with fresh-frozen sections stained for haematoxylin-eosin and modified Gomori trichrome by Engel & Cunningham, as well as histochemical reaction for alkaline ATPases pH 9.4, acid ATPases pH 4.3 and 4.6, NADH-Tetrazolium reductase, non-specific esterase, succinic dehydrogenase, acid and alkaline phosphatase, according to techniques used in our laboratory (Ji).
Information was obtained on: proliferation of connective tissue, adipose tissue infiltration, necrosis, phagocytosis, inflammatory infiltration, internal nuclei, fiber splitting, whorls, moth-eaten, snake coils, ring fibers, positive fibers and increased alkaline phosphatase in the interstice, positive fibers and increased acid phosphatase in the interstice, type I and II fiber atrophy, type I and II fiber hypertrophy, type I and II fiber predominance, type I and II fiber deficiency, dark angular atrophic fibers in the NADH-Tetrazolin reductase and non-specific esterase, targets, grouping, atrophy of groups or fascicles and perifascicular atrophy (n).
The data were analysed by grouping the abnormalities (variables) in tables of 2x2 (abscence or normal and presence or abnormal, indifferent to the intensity they occur), and applying the chi-square test (29) to detect possible relationships. To avoid some inconveniences when a small number of cases is being analysed, a correction for the continuity was applyed (28,si). When it was impossible to apply the chi-square test, Fischer's test was used (28) .
The tests were done using a S.P.S.S. Package (Statistical Package for the Social Sciences) (22) , using a D.E.C. 1090 computer.
RESULTS
558 chi-square tests were done to correlate the MB findings with the EMG abnormalities of all patients (Table 1) . A statistical correlation (p<[0.01) was found in 53 occasions (9.50%). To help the analysis, the correlations were grouped according to the higher significance level of histological and EMG data. These last ones were divided according to our expectations to occur in primary muscle disorders (myopathies), denervation (muscle involvement secondary to disease in the nerves and motor neurons), potentials which occur in both processes and potentials incompatible or unknown in relation to the current literature (Table 2 ).
In 39 occasions (6.99%) the data agreed with the, pathogenesis currently accepted. There was a relationship among: 29 (5.19%) of the histological and EMG findings commonly found in the characterization of myopathies; 4 (0.72%) in the characterization of denervation; and 6 (1.06%) with unespecific data which occurs in both processes. There were 14 (2.51%) statistically significant relations (p<[0.01) which were incompatible in relation to current literature.
High statistically relation was obtained (p<0.001 to 0.01) with the majority of EMG data found in primary myopathies (decreased potentials duration, excess of short duration polyphasic potentials, increased effort recruitment, BSAP pattern and reduced potentials voltage) and specific histological alterations found in myopathies (connective tissue prolife ration, adipose infiltration, necrosis, phagocytosis, internal nucleus, basophilic fibers, fiber splitting, whorls, acid phosphatase positive fibers, increased acid phosphatase in the interstice, alkaline phosphatase positive fibers, increased activity in alkaline phosphatase in the interstice and type I fiber atrophy).
In the same level of significance, little EMG correlations attributed to denervation were found (fasciculation, increased voltage and excess of long polyphasic potentials) with a few specific histological data for denervation (dark atrophic angular fibers in the unespecific esterase and type II fiber atrophy) ( Table 2) .
Several EMG findings (fasciculation, increased voitage, decreased recruitment and excess of long polyphasic potentials), which are considered an indication of denervation, obtained a significant statistical relation with some histological abnormalities which occurs frequently in primary myopathies (connective tissue proliferation, adipose tissue infiltration, necrosis, phagocytosis, internal nuclei, basophilic fibers, whorls, increased activity of acid and alkaline phosphatase in the interstice). Also the presence of excess short polyphasic potentials and decreased potentials duration, considered elements of primary muscle involvement, obtained a significant statistical relation with histological data commonly found in denervation such as target fibers, dark angular atrophic fibers in NADH-Tetrazolium reductase and unespecific esterase. 11 using special techniques in primary myopathies show that it is possible to find late potentials in the EMG (45 to 60 ms), belonging to the same motor unit.
COMMENTS

Lang & Partanen 21 and Desmedt & Borenstein
These potentials seems to originate from the recently reinervated fibers after the focal necrosis through the axons sprouting process n.
This "emergency" colateral reinervation cannot conduct the electrical stimuli at its normal speed, causing a delay in the depolarization of the muscle fibers and originating the late potentials.
These late potentials, when near its original potentials, become indistinguishable from the long polyphasic potentials in the regular EMG. This is the reason why in myopathies with a high degree of necrosis, is possible to find an increased duration of the potentials in the later phase and decreased duration in the initial phase 21.
Also this helps to explain why there is some delay in the progression of the asthenia in patients, even with the existence of important histological alteration 11.
The long latency, jitter and disynchronization probably are produced by the motor unit under regeneration, invol ving several factors such as slow conduction through the regenerated axon sprouting, ectopic motor end plate, failure of the neuromuscular transmission and muscle fiber atrophy 3 .
During the denervation process the motor unit increases in size because of the denervated fibers of other units which were added through the sprouting processes 13,19,20. The histological diagnosis of denervation depends on several elements, such as group fiber atrophy, fiber type grouping, dark atrophic angular fiber in the NADH-Tetrazolium reductase and unespecific esterase and targets fibers 2,14,15,18,34.
Histological alterations which commonly occur in myopathies, have been des cribed in denervation processes, such as poliomyelitis 12,18.
A suggestion is made that in poliomyelitis cases 32 , several years after the initial outbreak, the regenerated and reinervated muscle fibers from other motor units, have a very slight trophic support.
This trophic support in critical levels barely permits the normal survival of the fibers, leaving them very vulnerable to trauma, minor injury or ischemia, with subsequent necrosis 12.
The histological reaction to muscle fiber necrosis is almost identical, not only to primary muscle diseases but also to neurogenic ones, with the presence of phagocytosis, connective tissue proliferation, adipose tissue infil tration and the presence of internal nucleus in the fiber under regeneration. The increase of alkaline and acid phosphatase in the intersticial tissue would have the same meaning in the healing process, because both are related to the intersticial inflammatory reaction and the connective tissue proliferation 1.7.
It is also possible, in cases of denervation, to find moth-eaten fibers and fiber splitting, specially in chronic and progressive denervation disorders 18,26,30.
Hausmanowa-Petrusewicz & Jedrzejowska 17 believed that the fibrillation and positive waves correspond to muscle fibers under regeneration and to isolated frag ments of those fibers secondary to segmental necrosis, but were not able to obtain statistical correlations. The same happened with the proliferation of connective tissue and spontaneous potentials, high frequency discharges and necrotic fibers in chronic lesions, reduction of muscle fibers and decreased in the average duration of the potentials, ring fibers and high frequency discharges. Some of the above findings were demonstrated experimentally, specially the relationship between fibrillation with necrosis and segmentation of muscle fibers !0.
Petajan & Thurman23, were able to demonstrate in denervation cases, correlation between potentials of long duration, increased amplitude, long polyphasic and decreased recruitment in EMG with grouping and grouped atrophy of fibers.
However, normal motor units were found and even with reduced duration with the same histological patterns 23. Buchthal & Kamieniecka 6 obtained a correlation between an EMG and a MB with the increased of long duration polyphasics and signs of regeneration in patients with pseudo-hypertrophic muscular dystrophy of Duchenne, myotonic dystrophic and polymiositis.
Castaigne and col.8 obtained a statistic correlation between the EMG and MB with predominance of type I fibers and potentials of long duration and great amplitude.
In this study, typical myopathic alteration occurred in cases of denervation and vice versa. Not always necrosis and phagocytosis mean primary myopathies, as well as denervation elements do not mean abscence of inflammatory muscle reaction. This was reported in another study, when muscle necrosis and late potentials were found 24. Also, Borenstein & Desmedt 3 showed in denervation cases that at the beginning the potentials are unique, similar to fibrillations; they become polyphasics of normal duration and reduced voltage; later they are transformed into long duration poly phasics, and can even present some late components.
They say: "as a practical point, it is important to stress that abundant small, brief potentials recorded with the concentric needle are not necessarily indicative of a myopathic EMG pattern since they also occur in muscle after a severe nerve lesion" 3.
Concluding, we obtained only good statistic relation (p<0.01) among 39 of the isolated alterations in MB with the isolated data of EMG considered typical of myopathies or denervation, and 14 statistically significant relation of isolated alte rations of EMG with isolated data of MB, which are incompatible with data known in the current literature.
These incompatible data can be due to the method used, inadequate evaluation of one of the methods, trying to obtain a correlation of data which the methods did not allow, or the relationship concepts between the histo logical and electromyographical findings must be revised.
